Chromatophoromas (cutaneous pigment cell tumors) were seen in two species of butterflyfish, Chaetodon multicinctus and Chaetodon miliaris, over an 11-year period (1976-1987) in waters off the islands of Maui, Lanai, and Molokini in the state of Hawaii. The chromatophore tumors found in the brown-barred butterflyfish, C. multicinctus, were predominantly iridophoromas (characterized by the presence of birefringent olive-green crystalline pigment), while the tumors in the lemon butterflyfish, C. miliaris, were primarily melanophoromas (characterized by the presence of melanin pigment). Mixed chromatophoromas, composed of iridophores, melanophores, and undifferentiated chromatophores, were found in both species. The prevalence of chromatophoromas in C. multicinctus off the island of Maui varied from a low of 22-25% in 1916 to a high of 50% in 1987. The estimated prevalence of chromatophoromas in C. miliaris was 2.5% off the island of Molokini in 1976, and 5.0% off Lanai in 1987. The cause or causes of chromatophoromas in these two species of butterflyfish has not been determined.
Chromatophoromas are cutaneous pigment cell tumors that originate from dermochromatophores normally present in the skin of fish, amphibians, and reptiles. The four classes of chromatophores are identified by the type of pigment they contain. Melanophores contain black or brown pigments (melanin), iridophores contain colorless pigments (purines), xanthophores contain yellow pigments (carotenoids), and erythrophores contain red pigments (carotenoids and pteridine~).~,~J',~~ All are derived from neural ~r e s t .~J~,~~ Chromatophoromas are unusual tumors and have only infrequently been reported in f i~h ,~,~,~~,~~,~~-~ 1, 33 amphibians, 12,22,26-28 and reptiles.6J2,22 All four pigment cell tumor types (melanophoromas, iridophoromas, xanthophoromas, and erythrophoromas) have been found in fish, but the majority of previous cases have been isolated occurrences in individual fish. This paper describes a high prevalence of chromatophoromas in two species of butterflyfish, Chaetodon multicinctus (brown-barred butterflyfish) and Chaetodon miliaris (lemon butterflyfish) that are endemic to Hawaiian waters. The brown-barred and lemon butterflyfish are two of 22 different species of butterflyfish inhabiting the coral reefs surrounding all the Hawaiian islands. 20 Both are considered important species in the marine aquarium fish industry in Hawaii and are the two most common species of butterflyfish captured for retail sale and export.2o
Butterflyfish with tumors were first seen off the northwest coast of the island of Maui in 1976, and studies have been conducted sporadically over the past 4 11 years (January and June 1976, August 1977, January 1978, January 1985, and September 1987).
Materials and Methods
The primary study site was located in waters off Olowalu on the island of Maui, Hawaii (Fig. 1 ). Olowalu is a small, sparsely populated district on the northwest coast of Maui and is used primarily for the cultivation of sugar cane. The coral reef off Olowalu extends out for approximately 500 meters, and water depths range from 1-3 meters near shore to 30-35 meters at the outer fringes of the reef. Other areas of study included reefs off the western and southern coasts of the island of Lanai and waters off the small, uninhabited island of Molokini (Fig. 1) . The entire island of Lanai is sparsely populated and is used primarily for the cultivation of pineapple. Molokini is both a marine and bird sanctuary. Oahu was not one of the islands within the study area, but the author has made hundreds of recreational scuba dives in the waters off the eastern and northern coasts of Oahu, and observations made off Oahu are included where appropriate.
All field studies were conducted with the use of scuba diving gear and included tumor prevalence counts and capture of diseased fish for later laboratory exam and necropsy. Counts of tumors in C. multicinctus were conducted by surface swimming out to a designated area, estimating the distance from shore, and descending on scuba. After examining both sides of each C. multicinctus encountered, the location of the tumor(s), number of tumors, water depth, and approximate size of the fish were recorded on an underwater slate. Water depth was determined using depth gauges worn on the wrist. Fish with and without tumors were counted, and on a given dive, observations were made by swimming along a reasonably straight line, parallel to shore, to avoid counting the same fish more than once. The effect of year in which the count was made or water depth on tumor prevalence was assessed using stepwise logistic regression (BMDPLR-stepwise logistic regression, BMDP Statistical Software, Los Angeles, CA). Counts of C. miliaris with tumors were much more difficult to make because ofthe schooling nature of the fish. Unlike C. multicinctus, which normally travels in pairs and is territorial, C. miliaris is usually found in large schools of up to several hundred fish and tends to range widely. The prevalence counts of tumors in C. miliaris were, therefore, only rough estimates.
Large numbers of butterflyfish were collected twice during the 1 1-year period of the study; in June of 1976 and again in September of 1987. Fish with and without tumors were either caught live with nets or were speared and immediately fixed in 10% buffered formalin. Butterflyfish obtained in 1976 were transported to the University of Hawaii (Honolulu, HI), while fish collected during 1987 were shipped to the University of California-Davis (Davis, CA). Following gross necropsy exam, formalin-fixed tissues were embedded in paraffin, sectioned at 5-7pm, and stained with hematoxylin and eosin (HE). No electron microscopy (EM) studies were done at the University of Hawaii, but three live C. rnulticinctus with tumors were sent to the National Animal Disease Center (Ames, IA) for transmission EM exam in January of 1978. Of fish collected during 1987, tumor samples from four C. multicinctus and three C. miliaris were fixed in Karnovsky's solution, embedded in epoxy resin, sectioned at 1 pm, and stained with toluidine blue. Following initial screening of toluidine ' blue-stained sections via light microscopy, ultrathin (800-900 A) sections were cut with a diamond knife, stained with 2% uranyl acetate and Reynolds' lead citrate, and examined via transmission EM.
Results
Large numbers of C. multicinctus with cutaneous tumors were readily observable in the clear waters off (Table 1 ). The prevalence of tumors within different sectors of the primary study area was variable, and as depth and distance from shore increased, the prevalence of tumors decreased (Table 2) . Logistic regression analysis showed that both the increase in tumor prevalence between 1976 and 1987 (P = O.OOOl), and the decrease in prevalence with increasing depth (P = 0.00 19) were significant. In addition, it was found in 1976 that C. multicinctus with tumors were geographically restricted to a 10-kilometer section of reef off Olowalu, Maui. Scuba dives to the northwest and southeast of this 10-kilometer section of reef revealed no evidence of C. multicinctus with tumors. C. multicinctus with tumors were also seen off the western and southern coasts of Lanai, and one count made in January 1976 revealed a 22% prevalence (1 1/ 50). No C. multicinctus with tumors were seen off Molokini during one dive made in June 1976 (0/50), and no C. multicinctus with tumors have been seen off the island of Oahu over the past 11 years.
C. miliaris with tumors were seen off Molokini in 1976 and at one location off the southern coast of Lanai in 1987. The estimated prevalence of tumors was 2.5% (five fish with tumors/approximately 200 In June of 1976, 104 C. multicinctus with and without tumors were collected for gross necropsy and histologic exam. Sixty-seven fish had a single tumor, 14 had two to six tumors, and 23 had no tumors. All tumors were cutaneous with no gross evidence of metastasis. Tumors ranged from 0.1 to 2.5 cm in diameter and were raised, firm, and multilobular. The majority of tumors were metallic silver to powdery white, but some were darker with mottled grey areas and occasional black foci. Histologically, the tumors were diagnosed as benign fibromas, and this diagnosis was confirmed by the U.S. Armed Forces Institute of Pathology (AFIP). A single C. miliaris, collected in 1976 off the island of Molokini, had a 1.5-cm diameter firm, black, nodular mass located on the forehead. The mass involved the spinous portion of the dorsal fin, was locally invasive, and was diagnosed as a malignant melanoma.
In September of 1987, 13 C. multicinctus (five females and eight males) with tumors were collected off Olowalu, Maui. The fish were mature adults (estimated age 2.5-3.5 years) and measured 10-1 1 cm long. Eleven fish had a single tumor, while two had multiple (two to three) tumors ( Table 3 ). The tumors were cutaneous and identical in appearance to those seen in 1976 (Fig.  2) . The tumors occurred on all external parts of the body including the flanks, fins, and tail.
Five C. miliaris (three females and two males) with tumors were collected off the southern coast of Lanai in 1987. These fish were mature adults (estimated age 2.5-3.5 years) and measured 14.8-15.5 cm long. All had multiple (two to five) cutaneous tumors (Table 4) that were raised, firm, multilobular, and pigmented black with mottled dark grey areas (Fig. 3) . The tumors were unencapsulated, and on section, often showed local invasion into the adjacent skeletal musculature.
Tumors from both species of butterflyfish collected in 1987 contained a number of histologic similarities and all were classified as chromatophoromas. Of 16 tumors examined from 13 C. multicinctus, nine were classified as iridophoromas, and seven were diagnosed as mixed chromatophoromas ( Table 3) . Seven of the nine iridophoromas were located on the flanks. All iridophoromas were unencapsulated, centered in the dermis of the skin, and composed of a monomorphic population of finely tapered spindle cells arranged into tightly packed, interlacing fascicles and whorling bundles (Fig. 4 ). The spindle cells had indistinct cytoplasmic borders and small, oval, hyperchromatic nuclei. Mitotic figures were rarely seen. The spindle cells contained moderate to abundant cytoplasm that was packed with coarsely granular, refractile, olive-green, crystalline pigment (reflecting platelets of iridophores). This olive-green pigment was birefringent with polarized light and often so abundant as to completely obscure nuclear detail and cellular outlines (Fig. 5 ). The spindle cells in some tumors were separated by large amounts of collagenous stroma, and the majority of tumors contained scattered, large, mature melanophores. In many tumors (iridophoromas and mixed chromatophoromas), proliferating iridophores would completely isolate individual scales (Figs. 6 , 7) . Isolated scales were often degenerate and lined by hyperplastic stratified squamous epithelium. Foci of vacuolar degeneration within the hyperplastic epithelium were common. The epidermis overlying these dermal tumors was often ulcerated, and the superficial aspect of many iridophoromas was infiltrated by moderate to large numbers of mononuclear inflammatory cells (primarily lymphocytes). The earliest, smallest (less than 0.5 cm in diameter) iridophoromas were characterized by the most severe inflammation, and in addition to the diffuse lymphocytic infiltrate, often contained multifocal small granulomas. Iridophore tumors would only rarely infiltrate into the adjacent skeletal musculature, and no metastatic lesions were found in any internal organs. Of the seven mixed chromatophoromas found in C. multicinctus, four arose from either the ocular black bar (extends from below the eye to a point just proximal to the spinous portion of the dorsal fin) (Fig. 8 or from the black bar at the base of the tail (caudal peduncle), and two arose from the flanks (Fig. 2) . The two mixed chromatophoromas arising from the flanks were by far the largest of the flank tumors and both measured 2.0 cm or more in diameter. Histologically, the mixed tumors were characterized by a mixture of proliferating iridophores, melanophores, and poorly differentiated chromatophores that contained neither melanin nor birefringent pigment. Invariably, the superficial aspect of the mixed tumors that grew out away from the skin surface was composed primarily of iridophores, while the invasive component of the tumor was composed of melanophores and undifferentiated chromatophores. Undifferentiated chromatophores were occasionally palisaded into short bundles with stacked rows of nuclei. Infiltrating melanophores and undifferentiated spindle cells often extended deep into the adjacent skeletal musculature, and mixed tumors arising from the ocular black bar frequently destroyed or severely distorted the bones of the skull. No internal metastases were found in any of the C. multicinctus with mixed tumors. Eighteen tumors and one focus of melanophore hyperplasia were found in the five C. miliaris collected in 1987 (Table 4 ). Of those 18 tumors, 13 were classified as melanophoromas, two were identified as iridophoromas, and three were diagnosed as mixed chromatophoromas. The melanophoromas occurred polycentrically and could be found on all external parts of the body. The two iridophoromas were located on the flanks, and the three mixed tumors originated from either the ocular black bar or from the black bar at the caudal peduncle (Fig. 3) . The two mixed chromatophoromas arising from the caudal peduncle were the largest and most malignant of the 18 tumors. Both extended deep into the adjacent skeletal musculature, and C. miliaris #5 had a metastatic focus of melanophores in its spleen. All three chromatophore tumor types could be found in some fish (Fig. 3) .
The iridophoromas and mixed chromatophoromas ( Fig. 6 ) in C. miliaris were nearly identical, histologically, to those found in C. multicinctus. The only significant difference was in the degree of malignancy of the mixed tumors. The mixed tumors in C. miliaris tended to have a much larger and more anaplastic component of invading melanophores (Fig. 7) .
The melanophoromas in C. miliaris were similar, histologically, to the iridophoromas in either species of butterflyfish. Significant differences were the presence of melanin granules instead of birefringent pigment, a more pronounced pleomorphism of the melanophores, and an increased tendency toward invasion, even in the smaller melanophoromas.
Ultrastructurally, unstained thin sections of iridophoromas were characterized by plump spindle cells packed with numerous electron-dense, membranebound, crystalline, cytoplasmic organelles identified as the reflecting platelets of normal iridophores (Fig. 9 ). These reflecting platelets were oblong (0.1-0.2 pm wide and 0.5-1.5 pm long) with sharply truncated ends, laminated, and often arranged into short stacks. With routine electron microscopic staining (uranyl acetate and lead citrate), cytoplasmic platelets dissolved and dropped out, leaving behind a latticework of empty membranes. Malignant melanophores were characterized by variable numbers of membrane-bound, electron-dense, cytoplasmic melanosomes ( Fig. 1 0) . Some melanophores were densely granulated, while others contained only scattered melanosomes. The melanosomes were oval to oblong with blunted ends, and were fairly uniform in size (0.2-0.4 p m wide and 0.4-0.7 pm long). No viral particles were seen in any of the tumor tissue examined in 1978 or 1987. 
Discussion
In retrospect, our previous (1976) diagnosis of benign fibromas in C. multicinctus was incorrect.I6 We were misled by the large amounts of collagenous stroma found in many of the tumors and misinterpreted the olive-green pigment as being melanin and nonsignificant. With the current findings that the pigment is birefringent at the light microscopic level and the discovery of characteristic electron-dense reflecting platelets at the electron microscopic l e~e l ,~?~' the majority of tumors in C. multicinctus can now be definitively classified as either iridophoromas or mixed chromatophoromas. In addition, we now know that in spite of some obvious gross differences in coloration, the cutaneous neoplasms found in C. miliaris are closely related and can also be classified as chromatophoromas.
The similarities between the chromatophore tumors in both species of butterflyfish were striking. While the chromatophore tumors in C. miliaris were predominantly melanophoromas, iridophoromas and mixed chromatophoromas could be found in both species of butterflyfish and, histologically, there were few significant differences between melanophoromas and iridophoromas. The iridophoromas in both species occurred almost exclusively on the flanks, while the mixed chromatophoromas tended to originate from either the ocular black bar or the black bar encircling the caudal peduncle. C. multicinctus, with its overall silver coloration and normal predominance of cutaneous iridophores, appears to be predisposed towards the development of iridophoromas, while C. miliaris is apparently predisposed towards developing melanophoromas. The overall coloration of the lemon butterflyfish is, as its name implies, yellow, but it also has distinct vertical columns of black spots on its flanks which may account for the predisposition towards melanotic tumors. Why the lemon butterflyfish does not develop xanthophore tumors is unknown.
The largest and most malignant chromatophore tumors found in either species of butterflyfish were the mixed chromatophoromas. These mixed tumors tended to occur at sites (ocular black bar and black bar encircling the caudal peduncle) with large normal concentrations of dermal melanophores. The degree of malignancy was not, however, totally dependent on location, as the largest flank tumors, in C. multicinctus, were also mixed and contained an invasive component of melanophores and undifferentiated chromatophores. It would appear that all chromatophore tumors in either species of butterflyfish have some malignant potential as they get progressively larger.
The primary differences between the tumors in C. multicinctus and the tumors in C. miliaris were that: 1) C. multicinctus tended to have only a single neo-plasm, while C. miliaris had multiple tumors; 2) the tumors in C. multicinctus were predominantly iridophoromas, while the tumors in C. miliaris were primarily melanophoromas; and 3) the majority of tumors in C. miliaris tended to be more malignant and invasive than the tumors in C. multicinctus.
There were several differences in the epizootiology of tumor occurrence in the two species of butterflyfish as well. C. miliaris with tumors were found at only two very localized sites off Molokini and Lanai, while C. multicinctus with tumors were comparatively widely distributed along the western and southern coasts of Lanai as well as along the northwest coast of Maui. The most interesting finding, however, concerning the distribution of butterflyfish with tumors was the geographic restriction of both species of affected fish to three islands clustered fairly close together (Maui, Lanai, and Molokini) and the absence of fish with tumors off Oahu. In addition, at least off the island of Maui, the affected brown-barred butterflyfish were further restricted to a 10-kilometer section of the reef off Olowalu. The reason for these apparent geographic boundaries is at this time unknown but presumably may be the result of differential exposure to some water-borne carcinogen.
Although it is convenient to suspect that the etiology ofthese butterflyfish tumors may be due to some chemical carcinogen in the water, the evidence at the present time is purely circumstantial, and the actual cause or causes of these chromatophore tumors is still unknown. The circumstantial evidence of the possibility of a chemical carcinogenic etiology consists primarily of the close proximity of the majority of sites of tumor occurrence to agricultural lands (sugar cane on Maui and pineapple on Lanai). Sugar cane fields in Olowalu, Maui are often within 100 meters of the water, and irrigation ditches and small streams from these fields run off directly into the ocean. In addition, ash from burning sugar cane fields and residual spray from crop dusters frequently drifts out over and into the ocean. The fact that these tumors are cutaneous, and the fact that the prevalence of tumors in C. multicinctus decreases with depth and distance from shore is also suggestive that direct contact with some chemical carcinogen is involved, with possibly a dilutional factor modulating the prevalence of tumors as fish are exposed in deeper water further offshore.
Another fact which may, at least indirectly, support the possibility of a chemical carcinogenic etiology is that this large epizootic of tumors in butterflyfish bears strong resemblance to the occurrence of a high prevalence of chromatophoromas in the croaker, Nibea mitsukurii, found off the Pacific coast of Japan.8 All three tumor types (melanophoromas, iridophoromas, and mixed chromatophoromas) found in the two species of butterflyfish were also found in the croaker, and the reported gross, light microscopic, and electron microscopic characteristics of the croaker tumors were essentially identical to those in the butterflyfish tumors. In addition, Kimura et a1.8 were able to chemically induce chromatophoromas in laboratory-reared croakers using subcutaneous injections of 7,12-dimethylbenz[a]anthracene (DMBA), oral administration of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), and bath immersion with MNNG and nifurpirinol.
Other etiologies also being considered for the occurrence of this high prevalence of tumors in two species of butterflyfish include oncogenic viruses, a genetic predisposition to tumor formation, and ultraviolet (UV) radiation from sunlight. Oncogenic viruses are known to cause lymphosarcomas in northern pike (Esox lucius),L4J5J7J8~z5 epithelial tumors in masou salmon (Onchorhynchus and are suspected of inducing papillomas in eels (Anguilla).LJ3J4.23 Although no virus has yet been found in any of the butterflyfish tumors, the number of tissues examined via transmission electron microscopy (TEM) was limited, and the possibility of a viral etiology cannot be ruled out with any degree of certainty. It is also possible for oncogenic viruses to induce neoplastic transformation in the absence of active viral replication, and this would have precluded their discovery via TEM. Concerning the possible role of a genetic predisposition to tumor formation, one of the few previous reports of chromatophoromas in fish was the discovery of the predisposition of Xiphophorus hybrids to melanoma f~r m a t i o n .~~~~~~,~~ The capacity of Xiphophorus hybrids to develop tumors is believed to be either dependent on the dilution of modifier genes responsible for the regulation of melanophore proliferationZ or on the amplification of oncogene-related segments of the ge-n~m e .~~ In this current epizootic, however, it seems unlikely that the sole reason for the development of chromatophoromas is because these two species of butterflyfish (brown-barred and lemon) are genetically predisposed to tumor formation. There is no question that some genetic component is involved, because C. multicinctus and C. miliaris were the only two species affected out of a total of 22 different butterflyfish species, but the geographic restriction of affected fish to certain islands and specific sections of the reef off Maui refutes the argument that genetics are the primary etiology. Butterflyfish have a planktonic larval stage, and following several months of drifting out in the open ocean, juvenile butterflyfish are randomly distributed to the various reefs amongst the different islands. l9 If genetics were the only reason for the occurrence of chromatophoromas in these two species of butterflyfish, such a random distribution would probably have resulted in a much more uniform geographic distribution of fish with tumors. Similarly, if UV radiation was the primary initiator of tumor formation, .a much more uniform distribution of affected fish would also have been anticipated. In addition, there is minimal penetration of UV radiation through water, and only fish inhabiting the uppermost levels of the water column would have had any significant exposure. The presence of geographic boundaries, as was found with this epizootic of tumors, indicates that regional factors must be important.
In summary, this report describes the occurrence of a high prevalence of chromatophoromas in two species of butterflyfish over an 1 1-year period. This epizootic of cutaneous pigment cell tumors in the lemon and brown-barred butterflyfish is restricted to the islands of Maui, Lanai, and Molokini, and although the etiology is still unknown at this time, circumstantial evidence indicates that future studies should be directed towards the detection of some water-borne chemical carcinogen.
